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® Constant pressure variable flow implantable pump. 

© A variable flow constant pressure implantable 
pump employs an in-line needle restnctor (12) hav- 
ing a variable insertion distance in a capillary (10). 
The degree of insertion determines the effective 
restriction within the capillary. The restnctor may be 
repositioned following implantation to vary the drug 
delivery rate by changing the effective restriction in 
the capillary- Various couplings may be used such 
that an auxiliary or bolus port (92) delivers infusate 
directly into the outlet catheter (24) so that medica- 
tion from the main chamber (22) does not pass 
through the auxiliary chamber. A combination of 
double lumen catheters (106) and T-connectors 
(100) are employed to provide parallel infusion 
paths. 
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CONSTANT PRESSURE VARIABLE FLOW PUMP 



This invention relates to an implantable infusion 
pump. In particular, it relates to an infusion system 
utilizing a rechargeable, implantable constant pres- 
sure pump together with unique catheter arrange- 
ments to provide variable infusion rates. 

Infusion pumps that are implanted in the body 
for delivery of an infusate, typically a medication or 
insulin to a selected site in the living body, have 
reached the point of commercial and medical ac- 
ceptance. Those devices generally fall into two 
categories. The first, are so-called constant flow 
devices which are used in a variety of medical 
applications, for example to dispense chemothera- 
py drugs at a relatively constant flow rate; wherein 
an infusion apparatus relies on a liquid/vapor equi- 
librium to maintain constant pressure on the drug 
which flows through a capillary in order to maintain 
a constant flow rate. The device is implanted in the 
body to remain there for a prolonged period and is 
refilled with an infusate without the need for re- 
moval. A second class of devices are the so-called 
"programmable'' devices which employ a valve or 
other device controlled by a programmer so that 
the dosage rate can be varied to suit the needs of 
a particular patient. An example is diabetes, where 
the quantity of medication, such as insulin, to be 
infused varies as a function of the requirements of 
the patient. Such fluctuations can occur on a daily 
basis or, randomly as a function of the ingestion of 
food. The patient receives a small continuous or 
basal dose to satisfy a particular steady state re- 
quirement as a function of the average amount of 
sugar in his blood following eating, when blood 
sugar levels rise dramatically, the infusion appara- 
tus is programmed to dispense a larger (bolus) 
dose of insulin to offset the increased sugar level 
caused by the ingestion of a meal. 

While basic constant flow devices offer simplic- 
ity in operation and design, they do not allow for 
flexibility in dosage which is required by a number 
of treatment regimes. Conversely, while program- 
mable pumps provide such flexibility, they suffer 
from difficulties in the areas of power consumption, 
overall life, and failsafe operation. 

In order to address these two concerns, a 
constant pressure implantable infusion pump has 
an auxiliary chamber attached for unrestricted 
bolus injections of medication and other fluids 
through the pump's infusion line, generally a cath- 
eter, to the delivery site. This auxiliary chamber or 
"bolus port" contains its own self-sealing septum 
which is accessed percutaneously via ar hollow 
needle puncture (as described in U.S. 4,496.343). 
The auxiliary chamber is serially connected to the 
reservoir and. whether mounted internal or external 



to the pump, fluid flowing through the main reser- 
voir passes through this auxiliary chamber prior to 
exiting through the delivery catheter. 

Another alternative to programmable systems 

5 employs two parallel reservoirs, each separately 
rechargeable and delivering via parallel flow paths 
a constant basal dosage or. a manual bolus 
(described in U.S. 4,258,711). The bolus dose is 
held in an accumulator which is manually released 

10 by means of a button located externally which 
actuates an internally placed valve so that in addi- 
tion to the constant flow basal dose, a "one-shot" 
bolus dose is delivered from the accumulator. How- 
ever, the overall implantable system remains com- 

75 plex with bolus dose dependent on actuation of a 
manual valve coupled with multiple reservoirs. 

Capillary tube restrictors which are used in 
such implantable devices have the advantage of 
providing a simple and low cost fluid restriction. 

20 However, long lengths of capillary tubing increase 
the space requirement and overall weight of the 
sytem. An implantable infusate device (described 
in U.S. 3,951,147) utilizes a technique for replacing 
the long length of catheter tubing by employing a 

25 flow controller utilizing a large bore diameter tubing 
having placed therein a resistance wire. By prop- 
erly sizing the diameter and length of the resis- 
tance wire, flow control can be maintained. How- 
ever, no provision is made for extending the resis- 

30 tance wire external to the capillary for adjustment 
during manufacture or adjustment during use (i.e. 
in-vivo). 

Given the shortcomings of the prior art, it is an 
object of this invention to define a constant pres- 

35 sure variable flow infusion device which allows for 
flow rate readjustment following implant. A further 
object of this invention Is to define a flow connec- 
tion system that employs an auxiliary bolus port 
and its associated flow connections that does not 

40 require that infusate from the main reservoir pass 
through the bolus injection chamber to allow for 
flexibility in either direct bolus injection or the use 
of the auxiliary port for in-situ sampling. 

These and other objects of this invention are 

45 accomplished by the use of a constant pressure 
delivery system given a refill septum and a main 
reservoir chamber. According to the present inven- 
tion, there is provided an implantable infusion sys- 
tem comprising a constant pressure reservoir for 

so releasing a fluid, an outlet conduit connected to 
said reservoir, a flow r striction el ment inserted 
into said conduit, said flow restriction element hav- 
ing an insertion length (L), characterized in that 
there is provided means to vary the effective length 
(L) of said flow restriction element following im- 
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plantation of said system wherein flow rat char- 
acteristics of said outlet conduit are adjusted so 
that the delivery rate of fluid from said reservoir is 
altered. 

These and other aspects of the invention will 5 
be described in detail by referring to the attached 
drawings and the description of the preferred em- 
bodiments that follows. 

Fig. 1A is a schematic perspective drawing 
illustrating a capillary tube used in accordance with w 
this invention; 

Rg. 1B is a schematic side view illustrating a 
capillary tube having an adjustable needle restric- 
tor; 

Rg. 1C is an end view of the capillary and 75 
restrictor of Rg. 18; 

Rgs. 2A and 2B illustrate a first embodiment 
of this invention utilizing a linearly trimmed and 
fixed needle restrictor in an infusate system. 

Rgs. 3A, 3B and 3C illustrate a second 20 
embodiment of an adjustable implanted variable 
flow system used in conjunction with a constant 
pressure drug delivery device; 

Rgs. 4A, 4B and 4C illustrate a third em- 
bodiment of this invention utilizing a serial, parallel 25 
and hybrid serial/parallel bolus port system. 

Referring now to Rgs. 1A-C, the basic flow 
principles of an adjustable needle restrictor used in 
combination with a capillary tube will be discussed. 30 
The capillary flow restrictor in accordance with this 
invntion comprises an outer capillary tube 10 hav- " 
ing a given length (1) and an inside diameter (d). A 
needle slide 12 is placed into the capillary tube 10. 
The needle slide 12 has a diameter (D) and is 36 
inserted for a variable insertion length (L). As illus- 
trated in Rg. 1C, a radial clearance gap (A) exists 
which is equal to 1/2 of the diametrical clearance 
such that the needle slide diameter (D) is very 
much greater than the gap (A). Thus, in accor- aq 
dance with this first aspect of the invention, the 
variable flow capillary tube restrictor is a 2-part 
device comprised of a housing, that is the capillary 
tube and a needle slide. The capillary tube is 
essentially a smooth bore, semi-rigid tube Into 45 
which the needle slide is positioned. The outer 
diameter of a needle slide (D) is also smooth and 
of a dimension which significantly matches the 
inside diameter (d) of the tube. Thus, a very narrow 
diametrical clearance (A) exists between the nous- so 
ing inside surface and the needle outside surface. 
It is this narrow passage in a portion of the tube 10 
which acts as a flow restrictor for the fluid. 

The r lativ length of insertion (L) of the needle 
slide in the housing determines the resistance, that 55 
is th actual r striction. The value is linearly pro- 
portional to the length of ins rtion. A comparison of 
flow rate through a capillary tube and flow rate 



through the narrow restrictor of this invention can 
b described by reference to the following three 
equations: 

(1) QC = Flow Rat Through Capillary Tube 
= 5Pd 4 7r/ 128UI 

(2) QN = Row Rate Through N die Re- 
strictor = 5PA 3 (D + A)W 12uL 

(3) Hydraulic Resistance - 5P/Flow Rate 

where: 

BP » pressure differential across the restrictor 
U = the absolute fluid viscosity 
■n - 3.14159 and 

d, I, D, A and L are as defined above. 

As can be seen from the three equations and 
the basic assumption that D and d are much great- 
er than A, the inside diameter of the housing is 
large enough so that its hydraulic resistance is 
much less than that of the slide-to-housing clear- 
ance gap and is therefore negligibly restrictive with 
respect to this gap. 

The function of the restriction in the device is 
therefore the length of the flow gap (L) caused by 
the relative insertion position of the needle slide 12 
In the capillary 10. The greater the length of the 
Insertion, the greater the fluid restriction as defined 
by equation 2. This should be contrasted with the 
capillary tube restrictor per se which Is a single 
element device with a fixed inside diameter and a 
trimmable length. Its flow restriction Is fixed and 
determined solely by the inside diameter of the 
tube length. Consequently, as set forth in Equation 
1 the restriction is set by having a fluid flow 
through the tube, measuring the flow rate, recutting 
the length of the tube in the amount proportional to 
the flow rate change and then reflowing to verify 
the new rate. Once cut. the flow rate cannot be 
readjusted back to the old values. Similarly, when 
the needle has been trimmed and fixed In the case 
of the prior art *147 patent, no capability exists for 
further adjustability. 

This invention therefore departs from those pri- 
or art schemes by allowing the needle restrictor 
flow geometries to be altered by changing the 
insertion distance of the needle. By the proper 
choice of materials for the needle slide and hous- 
ing, the elements maintain their relative positions 
during use. Alternatively, the relative positions of 
the needle and the housing can be maintained by 
utilizing arcuate shapes such that the needle slide 
is frictionaliy locked into the housing by the spring 
tension of the slide to the housing inside diameter. 

Referring now to Rgs. 2A and 2B, a first em- 
bodiment of this invention will be described. Rg. 
2A illustrates in schematic form the system which 
is insertable into a body cavity. The casing which 
forms the overall housing is illustrated by dashed 
lines to show those el ments so packaged. A stor- 
age chamber 20 corhprises a positive pressure 
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drug reservoir in accordanc with this invention. 
This devic will be similar to the drug r servoir in a 
commercially available unit such as an Infusaid 
Model 100 or, Model 400, both manufactured by 
Infusaid, Inc. The device will be discussed herein 
only for an appreciation of the invention, it being 
understood that a commercially available compo- 
nent may be used. The storage chamber 20 com- 
prises a housing which contains infusate in a reser- 
voir 22. The path of fluid communication estab- 
lished between the chamber 22 and a delivery 
catheter 24 is illustrated by the arrows in Rgs. 2A. 
This is the "forward flow" direction from the stor- 
age chamber to the infusion site. 

In accordance with known principles, when in- 
fusate within housing 22 is exhausted, it may be 
refilled by subcutaneous injection through a self- 
sealing septum 26. Thus, when the device is prop- 
erly implanted, the septum 26 is located directly 
beneath the patient's skin and accessible via sy- 
ringe. The device 20 contains a bellows 28 which 
divides the device Into two chambers, a first cham- 
ber 22 containing infusate and a second chamber 
30, which is used to drive the bellows in accor- 
dance with the fluid/vapor equilibrium maintained 
utilizing Freon or the like. 

The outlet path includes a bacterial filter 32 
and a rigid reservoir attachment 34. The attach- 
ment 34 serves as a coupling between the pump 
interior and the housing 10 into, which the needle 
slide 12 is inserted. At a point exterior to the pump, 
an outlet bulkhead attachment 36 is placed so that 
a rigid fixed length of housing 10 exists between 
the rigid reservoir attachment 34 and the outlet 
bulkhead attachment 36. The outlet bulkhead at- 
tachment 36 has a coupling chamber 38 to which 
the delivery catheter 24 is attached. It will be 
appreciated that the illustration in Fig. 2A is highly 
schematic to merely show the position of the ele- 
ments. The actual device would be packaged much 
like current Infusaid models to have suture tie 
downs, minimum bulk and septum access. The 
needle restrictor housing 10 is relatively rigid while 
the delivery catheter 24 may be highly flexible to 
allow positioning within a body cavity to the in- 
fusate site. 

In accordance with this invntion, the needle 
slide 12 is inserted through the outlet bulkhead 
attachment 36 into the housing 10 until the desired 
flow rate is achieved. By this technique, with the 
pump 20 charged with an outlet produced through 
the needle restrictor housing 10, a flow rate can be 
positively monitored and dynamically adjusted. 
When that operation is completed, the needle slide 
12 may be trimmed and sealed to the outlet bulk- 
head attachment 

Fig. 2B, carrying the same designation of com- 
mon elements of Fig. 2A, illustrates a variation of 



this embodiment. In Fig. 2B, the restrictor 10 is 
attached to the pump housing via a s al packing 
40. The packing may be a series of annular 0-rings 
placed in compression within the outlet bulkhead 
5 attachment 36. This packing provides a sealed 
interface between the fluid flow path and the pump 
exterior. The seal allows repositioning of the inser- 
tion needle 12 for a simplified setting of flow re- 
striction during manufacture or possible reset dur- 
70 ing use. 

As illustrated in Fig. 2B, the seal packing 40 is 
located at the downstream end of the flow restric- 
tor. That is, it is placed in a position downstream of 
the fluid flow from the housing 10 through the 
75 bulkhead 36 into the catheter 24. Such was impor- 
tant from a product safety standpoint because the 
failure of the sealed packing would not permit 
unrestricted "dumping" of the reservoir. Addition- 
ally, placing the seal distal to the restrictor means 
20 that fluid volume displaced during repositioning 
would be displaced into the reservoir and not to the 
infusion site, that is movement of the needle slide 
will not vary the infusate dose. In accordance with 
this embodiment, the needle slide may be reposi- 
25 tioned after initial setting therefore providing vari- 
able fldw rate setting of the pump during actual 
use. That is, in-vivo adjustment may be obtained 
; after implantation. 

Rgs. 3A, 3B and 3C illustrates three configura- 
30 tions to permit such repositioning of the flow re- 
striction and therefore flow rate during in-vivo use 
of the system. In these embodiments, the exterior 
of the pump housing is illustrated, in part, as ele- 
ment 70. Thus, it will be understood that the reser- 
35 voir attachment 34, the fixed needle restrictor hous- 
ing 10, and the outlet bulkhead attachment 36 are 
all contained within the pump housing. The delivery 
catheter 24 would, however, be external to that 
housing. As in the prior illustrations, it will be 
40 appreciated that this drawing is schematic to em- 
phasize the aspects of the invention. Fig. 3A illus- 
trates a technique of percutaneousiy readjusting 
the restrictor 12 by employing a wire stylet through 
a large bore needle 44. The stylet 42 and large 
45 bore needle 44 can be placed In a self-sealing 
septum used for flow rate reset or a bolus septum 
(similar to that disclosed in U.S. patent 4,496,343). 
Thus, attached to the outlet bulkhead attachment 
36 is a penetrable septum 46 placed below the 
50 skin surface illustrated schematically as skin layer 
50. The housing 48 holding the septum 46 in place 
has a vent 52 to provide for pressure relief as a 
function of sliding movement of the stylet 42. The 
stylet 42 is coupled to the needle slide 12 via a 
55 sliding threaded coupling 54. 

One technique of accurately setting the restric- 
tor position would be to push the needle 12 to its 
maximum r striction position, that is maximum in- 
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sertion by stylet movement and then to "back" the 
needle out of a specific, precalibrated length to 
achieve th calibrat d flow rate. The needle slide 
would be held in position by frictional contact with 
both the packing sealing 40 and the threaded cou- 5 
pllng 54. 

Referring to Fig. 3B, a variation of this embodi- 
ment is illustrated. As in the case of prior embodi- 
ments, the same numerals are used to identify 
common elements. Fig. 3B illustrates a configura- w 
tion employing a fluid cylinder/actuator used to 
provide restrictor repositioning. The self-sealing 
septum 46 is punctured via a syringe 55 and a fluid 
contained In the syringe is injected to push the 
restrictor to its maximum closed position as illus- 15 
trated by the arrows in Fig. 3B. The fluid is illus- 
trated schematically as element 56 within the 
chamber 48 with a sealed piston actuator 58 used 
to maintain an air-tight interface between the en- 
trained air in zone 60 on one side of the piston and 20 
the fluid 56 on the other side of the piston 58. 
Given an equilibrium condition which is maintained, 
a predetermined amount of fluid is then withdrawn 
utilizing the syringe 55 to set the restrictor to its 
desired flow position. The pressure differential 25 
across the piston actuator 58 therefore causes that 
actuator to move to the right in Fig. 38, reposition- 
ing the slide needle 12 to the desired position and 
therefore to the desired flow rate. 

Alternatively, fluid pressure 1n pushing against 30 
a spring loaded cylinder could be used to set the 
restrictor position. 

Fig. 3C illustrates yet another variation employ- 
ing a mechanical configuration to allow readjust- 
ment of the flow restriction following implant Posi- 35 
tioned on the housing is a rotating seal 72 which is 
maintained in a fluid-tight relationship by means of 
O-ring 74 and the like. The needle slide 12 has one 
end coupled to the lead nut coupling 76. That lead 
nut coupling is mounted on a lead screw 78/ 40 
Through a large bore needle 80 is inserted a stylet 
84 which has on one end, external to the skin, a 
shaped tip, for example, a hexagonal head, Phillips 
head, or the like and on the other end, a rotating 
knob 82. The shaped tip terminal end of the stylet 45 
84 seats in the rotating seal 72. 

As illustrated in Fig. 3C, one end of the lead 
screw 78 is also fixed to the rotating seal 72. Thus, 
as the knob 82 is rotated, a corresponding rotation 
is imparted via the stylet 84, rotating seaJ 72. and so 
lead screw 78. The lead nut coupling being thread- 
ed on the lead screw therefore causes movement 
of the needle slide depending on the direction of 
rotation of the knob 82. 

Alternatively, a small incision could be made to 55 
provide access to the adjustment screw instead of 
the large bor needle. While practically this might 
be desirable, it could not be us d as fr quently to 



adjust flow rates. 

As pointed out herein, in accordance with this 
asp ct of th invention, a replacem nt for the capil- 
lary tube restrictor in the cont xt of a constant flow 
rate implantable infusion device has been de- 
scribed. By utilizing these embodiments, it is possi- 
ble to realize significant advantages by reducing 
labor and cost to manufacture and significantly 
reduce the lead time for procurement Additionally, 
each device can be configured to allow for read- 
justment of the flow restriction and thus flow rate 
after implant utilizing procedures which do not dis- 
turb the in-vivo nature of the device. Such is not 
possible with a capillary tube restrictor which offers 
only a single opportunity for calibration prior to 
implant. 

Referring now to Figs. 4A, 4B, and 4C, a sec- 
ond aspect of this invention is depicted. Those 
elements common to the descriptions in Figs. 2 
and 3 contain the same numerals. Thus, for exam- 
ple, the constant pressure reservoir, refill septum, 
bacterial filter and the like are all provided with 
common numerals. A flow restrictor of the type 
illustrated in Figs. 2 and 3 are schematically Illus- 
, trated as the restriction 90. Figs. 4A, 4B, and 4C 
illustrate three different configurations for attach- 
ment of an auxiliary chamber or "bolus port" 92 to 
an Infusion pump flow system. Such a bolus port 
comprises a self-sealing septum 94, a chamber 96, 
and an outlet 98. 

Fig. 4A illustrates a configuration providing the 
bolus port 92 plumbed in a spur line fashion utiliz- 
: ing« a T-connector 100. In this configuration, the 
auxiliary chamber 96 is filled with a non-reactive 
solution such as a a drug diluent Normal flow 
occurs past the chamber via the output line 102 
from the main reservoir chamber 22 to the outlet 
catheter 24. Thus, a drug is not stored in the 
chamber 96. When a bolus injection is performed, 
the only drug solution which is washed into the 
body is that which is contained in the catheter line 
downstream of the port 92. That is, the only resid- 
ual drug solution which is forced through the cath- 
eter is that which exists from the T-connector 100 
through the outlet of the catheter 24. This volume 
is relatively small with respect to the chamber 
volume and thus the effects are much less severe 
than in past techniques. The flow path illustrated in 
Fig. 4A would still allow for catheter maintenance 
through the port 92 and such techniques, for exam- 
ple withdrawal of blood, could therefore be em- 
ployed for diagnostic purposes at the infusion site. 

Fig. 4B illustrates a second flow configuration 
specifically designed for blood withdrawal. In this 
configuration, the flow port is completely separate 
from the drug infusion line. This configuration m- 
ploys a parallel set of infusion lines, the drug 
delivery line along conduit 102 and a separate line 
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104 providing two outlets to the double lumen 
cath ter 106. The port 92 thus provides the capa- 
bility of bolus injection as w II as fluid withdrawal at 
the delivery site. This can b accomplished without 
in any way interrupting the flow of fluids from the 5 
main reservoir chamber 22 through the other lumen 
of the double lumen catheter 106. One advantage 
of this embodiment is the ability to design a port 
free of small internal flow passages much in the 
way vascular access ports are now configured. io 
This technique however, does not allow for com- 
plete catheter maintenance through the port since it 
is impossible to clear the lumen 102 In the double 
lumen catheter 106. In Fig. 4C. an additional port 
92 (having the same numerals as that of port 92 is 
but "primed") is added to the system of Fig. 48. 
This additional port may be used specifically for 
catheter maintenance along line 102 and still be 
maintained separate from the blood/fluid withdrawal 
line 104 by the use of the double lumen catheter. zo 

It can therefore be appreciated that in this 
aspect of the invention, by utilizing a proper com- 
bination of auxiliary ports; catheter maintenance, 
fluid withdrawal and separate aligned flushing can . 
be accomplished when usd in conjunction with flow 25 
restrictor technology as in the case of the other- 
aspect of this invention. 

It would be appreciated that this invention is 
subject to other modifications and variations with- 
out departing from the essential scope thereof. 30 



Claims 

1. An implantable infusion system comprising a 35 
constant pressure reservoir (22) for releasing a 
fluid, an outlet conduit (10) connected to said res- 
ervoir, a flow restriction element (12) inserted into 
said conduit said flow restriction element having 

an insertion length (L), characterized in that there is 40 
provided means to vary the effective length (L) of 
said flow restriction element following implantation 
of said system wherein flow rate characteristics of 
said outlet conduit are adjusted so that the delivery 
rate of fluid from said reservoir is altered. 45 

2. The infusion system of Claim 1 , further com- 
prising: a delivery catheter (24), means (36) to 
attach said outlet conduit to said catheter, said flow 
restriction element having one end passing through 

said means to attach into said outlet conduit and 50 
having a second end external to said means to 
attach. 

3. The infusion system of Claim 2, wherein said 
means to vary the effective length of said flow 
restriction element is connected to said second 55 
end of said flow restriction element and said means 

to vary the effective length of said flow restriction 
element is placed in an adjustm nt conduit (48) 



attached to said outlet conduit (10) at one end and 
seal d on the oth r end by a penetrable septum 
(46). 

4. The infusion system of Claim 3, wherein said 
means to vary the effective length of said flow 
restriction element comprises a flexible stylet (42), 
said stylet having one end coupled to said second 
end of said flow restriction element (12) and having 
another end connected to a linearly movable ele- 
ment disposed external to an implantation site for 
said system. 

5. The infusion system of Claim 4, wherein said 
stylet (42) passes through an insertion needle (44) 
that penetrates the skin into said adjustment con- 
duit 

6. The infusion system of Claim 3, wherein said 
adjustment conduit (48) defines a fluid cylinder, 
said means to vary the effective length comprises 
a sealed piston actuator (58) coupled to second 
end of said flow restriction element a self-sealing 
septum (46) at one end of said fluid cylinder and a 
syringe (55) penetrable through the skin at an 
implantation site and said self-sealing septum, said 
syringe delivering or removing fluid (56) from said 
fluid cylinder whereby in response to a pressure 
differential across said piston actuator said piston 
coupled to said flow restriction element moves until 
an equilibrium position is reached thereby varying 
the effective length (L) of said flow restriction ele- 
ment in said conduit. 

7. The infusion system of claim 2. further com- 
prising a housing for said reservoir, a rotating seal 
(72) mounted on said housing, a lead screw (78) 
coupled to said seal on one side for rotation there- 
with, a lead nut (76) mounted on said lead screw, 
said second end of said flow restriction element 
coupled to said lead nut and, means (82) external 
to said housing couplable to said seal to rotate said 
seal and thereby vary the effective length of said 
flow restriction element by linear movement of said 
lead nut on said lead screw. 

8. The infusion system of Claim 1, wherein said 
outlet conduit (10) comprises a rigid member con- 
nected at each end to a rigid coupling, said flow 
restriction element (12) inserted into said conduit 
through one of said rigid couplings and seal means 
(40) through which said flow restriction element 
passes in said coupling. 

9. The infusion system of Claim 1, further com- 
prising an outlet catheter (24) in fluid communica- 
tion with said outlet conduit, an auxiliary infusion 
chamber (92) separated from said constant pres- 
sure reservoir (22) and having a penetrable self- 
sealing septum (94), said auxiliary infusion cham- 
ber coupled to said outlet catheter to provid a flow 
path to an infusion sit without fluid from said 
constant pressure reservoir passing through said 
auxiliary infusion chamber. 
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10. The infusion system of Claim 9. wherein 
said outlet catheter compris s a double lumen 
catheter (106) having one flow path from said auxil- 
iary chamber (92) and a second flow path from 
said constant pressure reservoir (22). 5 

11. The infusion system of Claim 10, further 
comprising a second auxiliary chamber (92 ). a T- 
connector (100) providing a fluid coupling to said 
second flow path without fluid from said constant 
pressure reservoir (22) passing through said sec- w 
bnd auxiliary chamber. 
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